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Pulsed Infrared Laser Induced Visibl e Luminescence

G. E. Hardy, B. P. Chandra , and Jeffrey I. Zink*

Department of Chemistry
University of California Los Angeles

Los Angeles , California 90024

Arthur W. Adamson*, R. Fukuda , and R. 1. Wal ters

Department of Chemistry
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- 
. . •Los Angeles , Cal ifornia 90007

Crystals of saccharin doped with p-tol uenesulfonami-de, coumarin ,

MaCi , and KC1 are found to emi t in the visibl e, following a 20 nsec

pulse of high in tensity 1060 nm radiation. The pulses were 0.5 to

4 Il cm~ in energy~, corresponding to up to 200 MW peak power. The emissions

in the first two cases are from molecular excited states, but with

differences In detail from those induced by photoexc i tation or found

in triboluminescenàe . MaCi and KC1 show neither photoemission nor

relevant triboluminescence , and the laser Induced emission is essentially

that found thermally or by mechanically stressing x- or y-ray irradiated

crystals. It is attributed to electron-hol e recombination . The mechanism

of the laser i nduced emission may thus involve some combination of mechan ical

shock wave and of plasma ionization. The trivial explanations of photo-

excitation by higher harmonics of the 1060 nm fundamental or through

successive multiple photon processes can be ruled Out. -
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Pulsed Infrared Laser Induced Vis ibl e Luminescence

Sir:

Triboluminescence (IL) can be excited by fracturing or grinding a

crystal, or by subjecting it to therma l shock)’3 We have been

Interested in whether comparabl e phenomena could be made to occur using

a high energy laser pulse as the stress induc ing agent. We report here

on three cases in which there is lumi nescence Induced by a 20 nsec ,

1060 nm pulse from a Nd glass laser system,4 the pulse energ ies rangi ng -

from 0.5 to 4 J cm 2 (about 200 MW peak power). The crystals were all

single crystals in appearance , several mm In each dimens ion , and were

studied at room temperature, ca. 24°C. 
. 

.

Figure la shows the laser Induced l uminescence spectrum for saccharin;

It Is the same within our resolution as the TL and photoluminescence

.(PL) spectra. The emission Is actually from p-tol uenesulfonamide impurity

normally present in saccharin; such doped saccharin crystals are among

the more in tensely tribol uminescent materials observed in our laboratory,5

hence this initial choice. The laser induced emission (LIE) showed
- 

two time regimes , as followed at 480 nm: a prompt emission and a longer

lived one whose decay fit an exponential of about 300 nsec lifetime .

From separate optical excitation experiments, the 480 nm emission has a

lifetime of 57 psec at 77 K. The prompt component of the laser Induced

emission could represent ordinarily decaying excited states, but the

300 nsec component must have some other explanation , as discussed further . —

below. The Intensity of the .300 nsec emission was proportional to the

laser pulse energy over about a ten fold range.
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Substant ial differences exist between the laser induced emission

and IL spectra of coumarin. The LIE spectrum shown in Figure lb consists

of three peaks at 430, 475, and 505 nm. At room temperature , the PL

and IL spectra of coumarin consist of a broad band centered at about

400 nm , which has been assigned as a it .n* fluorescence.7’8 At 77 K, the

P1 spectrum consists~ of the fluorescen ce and a highly structured

phosphorescence. The LIE of coumarin most closely resembles the l ower

temperature ~i spectrum, with the most prominent peaks at 474 nm and

505 nm aris ing from ii ~ w ’~ phosphorescence. The time dependence of the

peaks follows the expected behavior. As the delay time between the laser

pulse and the. LIE measurement was decreased from 80 nsec to zero , the

Intensity of the fluorescence at 430 nm increased relative to that of the

phosphorescence. .

The laser induced emissions of NaC1 and KC1 consist of broad bands

centered around 380 nrn and 470 nm, respectively, as shown in Figure Ic.

Neither crystal is photoluminescent wi th visibl e or u.v. excitation , or

trtholuminescent in this spectral region. However, x- or v-ray irradiated

crystals show both IL and thermoluminescence. 9 The emission is due to

recombinat ion of displaced electrons with lattice atoms or ions. The

emission spectra vary with crystal preparation and history, and ~vi th

excitation method and temperature. Thus for NaC1L reported emission maxima

range from 350 nm to 420 nm , and those for KC1 , from 400 nm to 440 nm.9’1°

Our laser induced emissions match the above characteristics.

Certain trivial explanations of our observations can be ruled out.

Ordinary photoluminescence can be eliminated , of course, •on energetIc

grounds. Nor is there any evidence for P1 via higher harmonic generation.

Neither 530 nm nor 353 nm scatter was observed. Al so, successive multiphoton

U
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absorption can be eliminated in the case of saccharin since the emission

Intens ity was linear in laser pulse energy.

We can suggest two possib ly important mechan i sms: mechan i cal stress

and el~ctron-hole recombination. It is known , for exampl e, that laser

pul ses such as used here can produce pressure waves reaching kilobar

1evels)~~
13 A possibility , then , is one of laser shock induced tribolumine —

scence. This could be the case with the doped saccharin. The spectra of

the LIE and IL molecular emissions are essentially the same. The 300 nsec

emission decay i n the former case is abou t what would be expected were a

fan of shock— induced stress concentrations , or of actual cracks, propagating

through the crystal at the speed of sound (with attenuation). The

crystals all tended to crack or spal l on successive laser shots. Note,

however, that the laser induced emission differs from tr i bolurninescence

In that no excited state N2 emission occurs. - 

.

The mechanical stress explana tion also suffers in the case of coumarin

since the IL spectrum shows only molecular fluorescence , whi le the LIE shows both

fluorescence and phosphorescence. The cases of MaCi and of KC1 are quite

clearly unrela ted to tribol uminescence--there is none giving such emissions.

Thus laser shock induced mechanica~l stress waves may account for some of/
the observations , but not for all of them. .

Surface effects, .such as the production of surface plasma may play

a role In the exc itation.12 The Intense laser beam could produce electron-

hole pairs and an associated pressure or heat wave might then induce

electron recombinatlon with consequent emission. Al though the mechanism is

uncertain at present, our results clearly indicate that intense IR pulses

can excite molecular fluorescence, molecular phosphorescence, and al kali

metal halide defect emission. S
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S 
The phenomena are under continuing investigat ion. Preliminary

S 

indications are that pulsed ‘aser induced emission occurs

wi th other crystalline materials. A partial list includes BaPt(CN)4,

europiüm( III) chelates , uranyl ni trate, phenan threne, phthal ic anhydride, S

and chiorotripheny lmethane . S
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S Figure legend: 
-

Figure 1. Spectra. la. p-toluenesulfonamide doped saccharin. Full
( •

line : tribolum inescence spectrum (the short wavelength , structured

emission is due to excited state N2).
6 Dashed line : laser induced 

S

emission. (Both measurements at room temperature ; the 480 nm peaks

are normal ized). lb. Coumarin. Full lines : laser induced emission ,

• curve 1 wi th no delay , and curve 2 with 80 nsec delay . Dashed line: 
S

353 nm photoexcited emission at 77 K (at room temperat6-e , onl y the

420 nm centered emission is observed). (The intensity scale is arbitrary ,

and the spectra are roughly normal i zed ; they are unc~rrected). lc. Laser

induced emiss ions from NaCl , curve 1., and KC1 , curve 2. 
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